Purpose: To identify prostate cancer lncRNAs using a pipeline proposed in this study, which is applicable for the identification of lncRNAs that are differentially expressed in prostate cancer tissues but have a negligible potential to encode proteins. Materials and Methods: We used two publicly available RNA-Seq datasets from normal prostate tissue and prostate cancer. Putative lncRNAs were predicted using the biological technology, then specific lncRNAs of prostate cancer were found by differential expression analysis and co-expression network was constructed by the weighted gene co-expression network analysis. Results: A total of 1,080 lncRNA transcripts were obtained in the RNA-Seq datasets. Three genes (PCA3, C20orf166-AS1 and RP11-267A15.1) showed a significant differential expression in the prostate cancer tissues, and were thus identified as prostate cancer specific lncRNAs. Brown and black modules had significant negative and positive correlations with prostate cancer, respectively. Conclusions: The pipeline proposed in this study is useful for the prediction of prostate cancer specific lncRNAs. Three genes (PCA3, C20orf166-AS1, and RP11-267A15.1) were identified to have a significant differential expression in prostate cancer tissues. However, there have been no published studies to demonstrate the specificity of RP11-267A15.1 in prostate cancer tissues. Thus, the results of this study can provide a new theoretic insight into the identification of prostate cancer specific genes.
Introduction
The ENCODE project has recently reported that over 90% of nucleotides in the human genome can be transcribed into RNAs (Birney et al., 2007) . However, it is estimated that only a small fraction (about 2%) of these RNAs will be translated into proteins, while the vast majority (98%) of them are non-coding RNAs (ncRNA) without apparent protein-coding capacity. Long non-coding RNAs (lncRNAs) are in general considered as long (>200 nt) transcripts that lack long open reading frames (ORF) and have very low sequence conservation, but otherwise have mRNA-like properties such as poly (A) tails and promoter after splicing (Pauli et al., 2011) , thus making it computationally difficult to distinguish them from other genome sequences.
LncRNAs were once considered to be the transcriptional noise resulting from stochastic transcription, a byproduct of RNA polymerase II during the synthesis of functional RNAs, and they appeared to be more lowly expressed than protein-coding genes (Ponting et al., 2009; Cabili et al., 2011) . However, it has become increasingly clear that lncRNAs are involved in regulating a wide variety of important cellular functions, such as gene expression, genome imprinting, recruitment of chromatin modifying machinery, and regulation of X chromosome inactivation (Mercer et al., 2009; Hung et al., 2010; Lee 1 , Long-Ke Ran 3 * et al., 2012) . For instance, lncRNAs such as Kcnq1ot1 and Air, which map to the Kcnq1 and Igf2r imprinted gene clusters respectively, mediate the transcriptional silencing of multiple genes by recruiting the chromatin modifying machinery (Kanduri et al., 2008; Nagano et al., 2008; Korostowski et al., 2012) . The X inactive-specific transcript (Xist) LncRNA has also been shown to be related to the inactivation of one of the two X chromosomes in female cells (Guttman et al., 2009; Engreitz et al., 2013) . The recognition of the important role of LncRNAs has sparked a growing interest in the study of their functionality (Ponjavic et al., 2007; Guttman et al., 2009; Orom et al., 2010; Qiao et al., 2013; Liu et al., 2014) .
RNA Sequencing (RNA-Seq), also called whole transcriptome shotgun sequencing or WTSS, refers to the use of high-throughput sequencing technologies for transcriptome analysis, which allows the sensitive identification of lowly expressed transcripts and is independent of currently available gene annotations (Marioni et al., 2008; Wang et al., 2009 ). This property makes RNA-Seq a highly desirable method for the detection of novel transcripts including lncRNAs. As such, RNA-Seq has been successfully applied to identify thousands of lncRNAs in human, mouse and various other species (Li et al., 2012; Lv et al., 2013; Zhang et al., 2013; Ye et al., 2014) .
LncRNAs have attracted increasing scientific attention over the past few years. A considerable number of studies have shown that there is a significant change in the expression of some lncRNAs in human tumor cells, thus lncRNAs have the potential to be used as a useful diagnosis marker and treatment targets for cancers. The main purpose of this study is to identify prostate cancerspecific lncRNAs using two publicly available RNA-Seq datasets form normal prostate tissues and prostate cancer tissues. First, lncRNAs with a length of <200 nt, the ORF length of >300 nt and single exon were filtered out; Then, we scored the coding potential of all transcripts using the phylogenetic codon substitution frequency (PhyloCSF) (Lin et al., 2011) , and searched the Pfam protein families database (Finn et al., 2008) . After stringent filtering out of the putative protein-coding potential transcripts, a confident set of 1080 lncRNA transcripts were obtained; At last, prostate cancer specific gene co-expression networks were constructed by the differential expression (DE) analysis and weighted gene co-expression network analysis (WGCNA), and we identified three lncRNAs that showed a significant differential expression in prostate cancer tissues, including prostate cancer antigen (PCA3), C20orf166-AS1 and RP11-267A15.1. The results also showed that the brown and black gene modules had a significant negative and positive correlation with prostate cancer, respectively.
Materials and Methods

Preparation of the prostate cancer RNA-Seq datasets
We used two publicly available RNA-Seq datasets from normal prostate tissues and prostate cancer tissues, each consisting of 5 samples. The datasets were downloaded from the NCBI GEO database with the accession number of GSE22260, and sequenced by using paired-end sequencing on an Illumina Genome Analyzer II (GAII). About 10 million to 16 million of reads were obtained in each sample, resulting in a total of about 300 million of reads with an average length of 36 bp.
Prediction of prostate cancer lncRNAs
In this study, transcripts were reconstructed using genome guided methods. An integrative pipeline to map, reconstruct, and determine the coding potential of lincRNAs was proposed in this study, which was illustrated schematically in Figure 1 (Martin et al., 2011) : First, Tophat was used to map the RNA-Seq reads in each sample to the human GRCh37 reference genome (Trapnell et al., 2009) , and 76.9% of the total RNA-Seq reads in each sample have been successfully mapped to the reference genome. Then, Cufflinks was used to assemble these aligned reads into transcripts based on the known gene annotation (Trapnell et al., 2010) , and the assembled transcripts were annotated and grouped into different categories using the Cuffcompare program from the Cufflinks package. Small ncRNAs were filtered out using a length threshold of 200 nt, and putative protein-coding RNAs were also filtered out using an ORF length threshold of 300 nt. Thus, transcripts with a length of > 200 nt and ORF length of < 300 nt were retained as candidate lncRNAs, and then further screened using codon substitution frequencies (CSF) to distinguish protein-coding genes from non-coding genes. Transcripts with a PhyloCSF score <0 were considered as non-coding genes. At last, transcripts that encoded any of the protein domains cataloged in the Pfam database were excluded, and transcripts with gene significance of 1 was filtered out.
Differential expression analysis
The central goal of differential expression analysis is to identify genes that change in abundance between different experimental conditions. In this study, we used Cuffdiff (a module in CuffLinks package), to detect differentially expressed lncRNAs between the normal prostate tissues and prostate cancer tissues (Trapnell et al., 2012) . Those genes differentially expressed in prostate cancer tissues might be prostate cancer specific gene.
Gene co-expression network analysis
Gene co-expression network analysis has proven useful in detecting clusters (referred to as modules) of co-expressed genes, and investigating the relationship between gene networks and phenotypic traits of interest to the researchers at the transcriptome level. In this study, the weighted gene co-expression network analysis (WGCNA) was used to investigate the association between the predicted lncRNA modules and prostate cancer (Langfelder et al., 2008) .
Results
Reconstruction of transcriptomes
Current transcriptome assembly strategies fall into two broad categories depending on whether or not a reference genome is available: genome-guided and genomeindependent de novo assembly (Garber et al., 2011) . As the de novo assembly depends critically on sequencing depth and length, the genome-guided assembly was used in this study for the reconstruction of transcriptomes. Tophat was used to map the RNA-Seq reads to human GRCh37 reference genome, and about 76.9% (220 hundred million out of a total of 290 hundred million) of all reads were successfully mapped to the reference genome. Cufflinks was subsequently used to assemble these aligned reads into transcripts. However, a potential problem of the genome-guided assembly used in this study was that the assembled transcripts contained not only the annotated Figure 1 . Pipeline for the Identification of lncRNAs Based on RNA-Seq genes, but also novel genes. These assembled transcripts were annotated and grouped into different categories using the Cuffcompare program, which yielded a total of 157,926 transcripts.
Prediction results of lncRNA
It is clear that lncRNAs have two distinct characteristics. First, lncRNAs, by definition, have a length of >200nt; Second, the ORF length of protein-coding mRNAs is generally greater than 300 bases or 100 amino acids, thus those genes whose ORF length is smaller than 300 bases have a very small probability to code proteins. Accordingly in this study, lncRNAs with a length of <200nt and the ORF length of >300nt were filtered out. In addition, to obtain a reliable lncRNA dataset, the transcripts with only one exon were also filtered out. At last, a stringent set of 6941 candidate lncRNAs were obtained.
We used the PhyloCSF program to score the proteincoding potential of the candidate transcripts, and reported the resulting log-likelihood ratios in units of decibans that quantified the probability of transcript to be present in the protein-coding or non-coding modules. Transcripts with a PhyloCSF score of 0 were considered to have an equal probability of coding proteins, thus the PhyloCSF threshold was set to be less than 0 in this study. As a result, a total of 1776 transcripts were retained. Then we searched the Pfam database to identify transcripts that coded any of the protein domains cataloged in the Pfam database, and transcripts with gene significance of 1 was filtered out. By now, a total of 1080 long non-coding transcripts were obtained in the prostate cancer RNA-Seq dataset.
Previous studies have indicated that on average lncRNAs had smaller length and fewer exons than that of protein coding transcripts in mammalian cells (2.9 exons and a transcript length of 1 kb for lincRNAs vs 10.7 exons and a transcript length of 2.9 kb for protein-coding transcripts) (Guttman et al., 2010; Cabili et al., 2011) . To examine whether all the lncRNAs predicted as described previously had the same characteristics, these lncRNAs were compared with 39906 protein-coding transcripts and 9656 non-coding transcripts in the RefSeq database, and the results were shown in Figure 2 . It clearly showed that the average length of the predicted lncRNA transcripts was about one third of that of protein-coding transcripts (1.0 kb vs 3.4 kb), as shown in Figure 2A . In addition, they also had fewer exons (2.0 vs 6.3), as shown in Figure 2B . Thus, the results of this study agreed well with previous studies on the lncRNAs.
Differential expression
Cuffdiff was used to detect differentially expressed lncRNAs between the normal prostate tissues and prostate cancer tissues (Trapnell et al., 2010) , where the false discovery rate (FDR) was set to be 0.05. Figure 3 showed that there were 12 genes that had significant differential expression in the prostate cancer tissues. However, due to the possibility of false positive identifications of differentially expressed genes, it is possible that not all of the 12 genes that had significant differential expression were the lncRNAs. Further analysis showed that of the 12 genes, only PCA3, C20orf166-AS1, RP11-267A15.1 were prostate cancer specific lncRNAs. Figure 4 showed that PCA3 and RP11-267A15.1 showed a highly specific expression in the prostate cancer cells, but low expression in normal prostate cells. And C20orf166-AS1PCA3 showed contrary result. PCA3 gene has been identified as a prostate specific gene highly overexpressed in prostate cancer by several other methods, such as Northern blot (Bussemakers et al., 1999) and real time quantitative reverse transcription-polymerase chain reaction (RT-PCR) (Landers et al., 2005) . It has also proven to be a potential target for the treatment of prostate cancer. C20orf166-AS1 is a large intergenic noncoding RNA (lincRNA) that shows a high expression in normal prostate tissues, whereas relatively low expression in the prostate cancer tissues. C20orf166-AS1 has also been found to be significantly associated with prostate cancer or prostatitis using other methods (Kimura et al., 2006; Eeles et al., 2013) . RP11-267A15.1 is an antisense RNA that also shows a highly specific expression in the prostate cancer cells, but low or no expression in normal prostate tissues. However, to the best of our knowledge, there have been no published studies to demonstrate the specificity of RP11-267A15.1 in prostate cancer tissues. Thus, the results of this study can provide a new theoretic insight into the identification of prostate cancer specific genes.
Gene co-expression network analysis
The lincRNA genes were hierarchically clustered into groups with respect to their expression profiles, and the modules in the resulting dendrogram were identified using the Dynamic Tree Cut method, whereby the highly interconnected genes were assigned to the same module. In this study, the association between lncRNA gene modules and prostate cancer was investigated using the WGCNA method, and the minimum number of genes in each module was set to be 30. The resulting cluster dendrogram was shown in Figure 5 , where each branch of the dendrogram represented a gene, while the color-coded module membership was displayed in the color bars below the dendrograms using the Dynamic Tree Cut method. In this study, the lncRNAs were assigned to 11 modules.
The correlation coefficients between the module eigengenes and the disease status of prostate cancer patients were calculated, and the results were shown in Table 1 . The results clearly showed that the brown module had a significant negative correlation with prostate cancer (r=-0.92, p<0.01), indicating that the genes in this module appeared to have an inhibitory effect on prostate cancer. In addition, the black module had a significant positive correlation with prostate cancer (r=0.70, p<0.05), indicating that the genes in this module had a promoting effect on prostate cancer.
Module significance can also be used to indicate the relationship between the modules and prostate cancer. The average gene significance of each module was presented in the bar graph in Figure 6 . It showed that the brown module had the maximum average gene significance, followed by the black module, further indicating that these two modules had a significant correlation with prostate cancer. Further analysis of the differentially expressed genes showed that C20orf166-AS1 and RP11-267A15.1 were present in the brown module, further indicating that these two lncRNAs had an inhibitory effect on the prostate cancer.
Discussion
The advent of RNA-seq technologies has greatly facilitated our understanding of the transcription of human and animal genome. As comparison with chromosome marker analysis, RNA-seq provides a more direct approach to transcriptome profiling, and the major advantage of this approach is that it is an open biological technology that makes it possible to reconstruct the whole transcriptions. At present, high-throughput sequencing followed by bioinformatic analysis has became the mainstream method for the prediction and screening of lncRNAs. In this study, we used the pairedend reads and genome guided method to reconstruct the transcripts, which could help to improve the accuracy of the reconstruction of transcriptome. In addition, we also used PhyloCSF and Pfam database to identify the coding potential of the putative lncRNA transcripts. However, there are many other methods besides the ones used in this study to improve the prediction accuracy of lncRNAs. For instance, the original low-quality reads can be filtered out or truncated, or more filtering methods, such as the Coding Potential Calculator (CPC) (Kong et al., 2007) and the Conserved Sequence Tags CST miner (Furuno et al., 2003) , could also be used to obtain a more stringent result in the prediction process.
In this study, a pipeline is designed for the identification of prostate cancer specific lncRNAs that are differentially expressed in prostate cancer tissues but have a negligible potential to encode proteins. A total of 1080 lncRNAs were obtained in the RNA-Seq datasets from normal prostate tissues and prostate cancer tissues. The comparison between these lncRNA transcripts and the NCBI RefSeq database, a high-quality non-redundant protein database, Figure 5 . Cluster Dendrogram Figure 6 . The Average Gene Significance of Each Module DOI:http://dx.doi.org/10.7314/APJCP.2014.15.21.9439 Identification of Prostate Cancer LncRNAs by RNA-Seq showed that the average length of the lncRNA transcripts was about one third of that of protein coding transcripts (1.0 kb vs 3.4 kb), and they also had fewer exons (2.0 vs 6.3). It is well known that lncRNAs are characterized by small transcript length and small number of exons, thus the results indicate that the pipeline proposed in this study is useful for the prediction of prostate cancer specific lncRNAs.
Three genes (PCA3, C20orf166-AS1 and RP11-267A15.1) were identified as prostate cancer specific lncRNAs in this study. PCA3 has proven to be a potential target for the treatment of prostate cancer, and C20orf166-AS1 has also been suggested to be significantly associated with prostate cancer or prostatitis. However, to the best of our knowledge, there have been no published studies to demonstrate the specificity of RP11-267A15.1 in prostate cancer tissues. Thus the results of this study can provide a new theoretic insight into the identification of prostate cancer specific genes. In addition, the association analysis showed that C20orf166-AS1 and RP11-267A15.1 were present in the brown module and had a significant negative correlation with prostate cancer, indicating that these two lncRNA genes had an inhibitory effect on the prostate cancer.
To better understand the relationship between the gene or gene modules involved in this study and the prostate cancer, more studies are needed to use bioinformatic tools to analyze the functional annotation and gene functions, and to further investigate their biological significance. In addition, the real-time fluorescent quantitation RT-PCR can also be used to verify these lncRNAs with significant differential expression in the prostate cancer tissues.
